Introduction
The eye color pigments of Drosophila melanogaster are composed of red and brown pigments. The purplish-red eye color of puple (pr) mutants is the result of a defect in the synthesis of the red pigment, drosopterins (I). The pathway leading to the biosynthesis of drosopterin was proposed by Brown et. a/. (2) and Dorsett et al. (3) . GTP is converted to dihydroneopterin triphosphate (Hz-NTP) by GTP cyclohydrolase (4). Hz-NTP is then converted to 6-pyruvoyl tetrahydropterin (6-PTP) by PTP synthase (5) . Drosopterins are synthesized from two molecules of 6-PTP. 6-PTP undergoes a ring-enlargement reaction by the enzyme pyrimidodiazepine (PDA) synthase. The three carbon side chain is cleaved from PTP, and after oxidation, the 7,8-dihydropterin condenses nonenzymatically with PDA to produce one molecule of drosopterin. 6-PTP is also the intermediate precursor for the yellow eye pigment, sepiapterin, and the important coenzyme, H4-biopterin. The purple locus (pr: 2-54.5) of Drosophila melanogaster has been suggested to be the structural gene for PTP synthase (6) .
Most spontaneous mutations in Drosophila are caused by the insertion of transposable elements (7) . In many cases, transposable element-induced phenotypes can be suppressed or enhanced by second mutations at various modifier loci (8) . There are several modifier genes well known in Drosophila § Author to whom correspondence should be addressed. 3-95.51 In order to determine if purple gene encodes PTP synthase in Drosophila, and to investigate the mechanism of suppression, the purple gene was cloned and expressed in E. coli.
Materials and Methods

Chromosomal walk
A chromosomal walk was initiated from the tAP-19 P element insertion site at 38B/C boundary (provided by James Posakony). Genomic DNA was isolated from tAP-19 adults as described elsewhere (10) and the insertion site was cloned by polymerase chain reaction (11). tAP-19 genomic DNA was digested with XhoI and religated. A 0.8 Kb fragment was amplified by PCR with two primers, OligoI and Oligoll whose sequences correspond to base number 376 to 354 and 485 to 508 of the P element, respectively. OligoI: 5'-ATIAGGATCCGTGACTGTGCGTTA GGTCCTGTI-3' OligoII : 5'-ATTAGAATTCTAGGTACGGCATC-TGCGTIGAG-3'
The amplified 0.8 Kb fragment was subcloned into a pGEM-I vector and used to probe an Oregon AAPJ.13
AAP3.14 (AAP3. 20) R genomic DNA library in lambda DASH. The ends of the isolated phage inserts were then used to reprobe the library.
Isolation of genomic and eDNA clones
Eleven selected phages covering the 38B/C chromosomal walk were used as the template DNA for PCR (Figure 1 ). Two primers were designed from the C terminal conserved region of vertebrate PTP synthases. One phage, AAP3.13, gave an amplification product (1.1 Kb) which was sub cloned and sequenced.
The amplified PTP synthase gene fragment was used to probe a Drosophila head cDNA library in Agtl1. Two identical 1.0 Kb cDNA clones (pCII-l and pCII-2) were isolated and sequenced after subcloning into pGEM-l.
Northern blot analysis
Isolation of total RNA from 0-2 day adult flies and northern blot analysis were conducted as described elsewhere (12) .
Expression of the Drosophila purple gene in E. coli
The inserts were prepared from digested PCR product and fragment of cDNA clone. PCR was carried out with two primers, PS253E and PS459B. The sequences of these two primers are as following; PS293E: 5'-GCGAATTCATGTCFGCAGCAACC-
The PCR product was then double-digested with EcoRI and NruI. pCII-I of a cDNA clone as also digested with NruI and HindI II. pGEM-7Zf( +) vector was restricted with EcoRI and HindIII and the resulting fragments were ligated together. This construct, pCEO.8EH was digested again with XhoI and Bamm and the 0.8 Kb fragment was ligated to the expression vector of pET-I5b. The recombinant plasmid was transformed into a competent cell, E. coli BL2I(DE3)pLysS. Single colony was inoculated in 2 ml of LA broth and cultured at 37°C. The seed culture was inoculated in 50 ml of LA broth and when the cell density reached OD600 = 1.0, IPTG was added to the cultured broth at a final concentration of 0.4 mM. Mter shaking the culture for 3 hr, cells were harvested by centrifugation at 6,000 g at 4°C for 10 min.
Results
The chromosomal walk encompassing of 120 Kb purple region and representative genomic DNA clones are shown in Figure 1 . The cytological location of the cloned genomic DNA is located between 38B4-6 of Drosophila polytene chromosome.
PCR with 11 representative lamda clones ( Figure  1 ) gave an amplification product when the phage AAP3.13 was used as the template. The sequence of the 1.1 Kb amplified product exhibited high similarity to the appropriate region of the vertebrate Each of 5flg total cellular RNAs from 0-2 day adults were loaded on each lanes. The probe used was pAPXIO.85HS antisen se RNA probe which region is hybridized by PCR product.
PTP synthase. Also eDNA sequences of Drosophila showed extensive homology to the PTP synthase of salmon, rat, and human. In order to examine the effects of the purple mutation on the expression level of the transcripts, northern blot analysis was carried out using RNAs isolated from Oregon R Canton S, pro pyi'wcn , and su(sjpybw cn (Figure 2 ). Two transcripts, 1.3 Kb and 1.0 Kb, were detected in all lanes. Larger transcript was reduced to 10-20% of the wild type in the purple mutants, and the amount was increased slightly in the suppressed mutant type. In contrast, the small transcript in the purple mutants was reduced 5 to 10% of the wild type level, and restored nearly the wild type level in the suppressed purple flies.
On the basis of the analysis of various purple deficiency mutants, the cytological location of the purole locus is in 38B5 to 38C2 region of the 2L chromosome (9) . From in situ hybridization to Drosophila polytene chromosome, it could be demonstrated that the location of the cloned gene is in the 38B4-6 region where it has been localized cytologically.
The cloned purple gene of Drosophila was overexpressed in E. coli. Twentyfive additional amino acids are present of the N-terminus of the recom binant polypeptide. However, the recombinant en-121 zyme exhibited similar physicochemical properties as the native PTP synthase. Discussion 6-PTP synthase is the enzyme which catalyzes the production of 6-pyruvoyl tetrahydropterin (6-PTP) from dihydroneopterin triphosphate (HrNTP). 6-PTP is converted to 6-lactoyl tetrahydropterin by PTP reductase and then converted to sepiapterin by air oxidation. The purple gene in Drosophila has been hypothesized to be the structural locus for PTP synthase (6) . This hypothesis could be proved conclusively by several lines of evidences presented in this communications.
First, the cloned PTP synthase gene hybridized to 38B46 region of the polytene chromosome.
Second, when the effects of the purple mutation on the expression level of the purple transcripts were examined by northern blot analysis, the amount of purple transcripts were reduced in the mutant strains and restored in the suppressed purple flies.
Third, the cloned purple gene expressed in E. coli produced a recombinant polypeptides whose properties were very similar to the native Drosophila PTP synthase.
All of these results support the conclusion that the cloned gene is the purple and that it encodes PTP synthase in Drosophila.
